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Abstract: There are two available set of data on the e+e− → Λ+c Λ¯−c cross section above threshold. The BELLE
measurement, with ISR return, is compatible with the presence of a resonant state, called ψ(4660) (formerly known
as Y (4660)), observed also in other final states. The BESIII dataset has shown a different trend, with a flat cross
section. We propose a new solution to fit both datasets by means of a strong correction to the Coulomb enhancement
factor. Mass and width of the resonant state is extracted.
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1 Introduction
In recent years, the spectrum of the charmonium(-
like) hadrons above the open charm threshold has flour-
ished with some new and unexpected states. Some of
these show exotic features: the Zc(3900)
± observed by
BESIII in J/ψpi± invariant mass [1] must be composed
by at least four valence quarks; the recent measurements
of the X(3872) state [2] suggest that a conventional in-
terpretation as χc1(2P ) has to be excluded [3].
Vector charmonium-like states represent a third fam-
ily of exotic states. They appear as an overabundance
with respect to the conventional ψ spectrum [4]. Among
these states, the ψ(4660) (formerly called Y (4660)) [5]
has been observed in the reaction e+e− → pipiψ(2S) by
BELLE [6] and BaBar collaborations [7]. Another exotic
candidate has been observed by BELLE collaboration in
e+e− → γISRΛ+c Λ¯−c reaction close to threshold [8], with
mass and width close the aformentioned ψ(4660) state.
Several models have been proposed trying to describe the
nature of this new family of states: molecules, hybrids,
triangular singularities. For more details it is possible
to refer to recent reviews in Ref. [9, 10]. The authors of
Ref. [11] propose a hidden-charm baryonium state model
starting from a color bound pair of di-quarks to describe
the nature of the ψ(4660) state. This would be the first
manifestation of the long-sought baryonium, first mod-
eled by Rossi-Veneziano [12], but never observed.
In 2014 BESIII collaboration collected four data sam-
ples just above the Λ+c Λ¯
−
c production threshold and mea-
sured the cross section [13]. A different trend in the cross
section energy dependence can be seen with respect to
the previous result. It has been claimed by Ref. [14] that
the two results cannot be fitted simultaneously.
In this article, we show that a fit to both lineshapes
can be achieved combining the effect of the resonant be-
haviour of ψ(4660) with a parametrization of the contin-
uum cross section given by a modification of the Coulomb
enhancement factor [15]. Moreover, we make some quan-
titative prediction on the expected cross section.
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2 Coulomb enhancement factor
The Born cross section of the electron-positron anni-
hilation into baryon-antibaryon can be expressed as in
following:
σ(e+e−→BB¯) =
4piα2
3W 2
Cβ
[
|GM(W 2)|2 +2M
2
B
W 2
|GE(W 2)|2
]
. (1)
In Eq. (1), α is the electromagnetic constant, β is the
velocity of the outgoing baryon, MB is the mass of the
outgoing baryon, W is the center of mass energy of the
process, GE and GM are the Sachs electric and magnetic
form factor and C is the so-called Coulomb enhancement
factor (CEF). This correction is a non-perturbative ap-
proximation to the Born cross section that takes into ac-
count the Coulomb interaction between outgoing charged
fermions. Usually the CEF can be expressed as follows:
C =piα
F
β
·1/
(
1−e−piαFβ
)
, (2)
where F = 1 + β2 is the relativistic correction, that
can be ignored nearby threshold, since it is very close
to 1. The piα
F
β
is usually called enhancement fac-
tor E, that approximates the photon exchange between
the baryons. This term gives a prediction of a step at
threshold, since the 1/β factor cancels out the β phase
space term in Eq. (1). The last part of the CEF equa-
tion is usually called Sommerfield Resummation Factor
R= 1/(1−e−E) and takes into account multiple photon
exchange. The term R is defined in such a way that, im-
mediately after threshold, the phase space cancellation
vanishes. Figure 1 shows the behaviour of such cross
section at Λ+c Λ¯
−
c threshold.
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Fig. 1. Contribution at the cross section lineshape
of the purely electromagnetic coulomb enhance-
ment factor with an arbitrary normalization at
Λ+c Λ¯
−
c threshold.
2.1 The strong correction CEF
It is possible to extend the enhancing effect to strong
interaction: this correction takes in account the multi-
gluon exchange. The simplest way to add this correction
is to modify the resummation term R by replacing the
α term with the strong coupling constant αs. The new
term is thus R= 1/
(
1−e−piαsF/β). Since αsα, the be-
haviour mimics a flat trend of the cross section, as shown
by Fig. 2.
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Fig. 2. Contribution at the cross section line-
shape of the strong-corrected Coulomb enhance-
ment factor with an arbitrary normalization at
Λ+c Λ¯
−
c threshold.
2.2 Testing the strong CEF to pp¯ cross section
This empirical correction to the Coulomb enhance-
ment factor arises from the study of pp¯ cross section at
threshold, a situation similar to the case of the Λ+c Λ¯
−
c
without a resonance just above threshold. This cross
section is well studied and there are several published
measurements [16–19]. Its lineshape exhibits a steep rise
just above threshold to a value that is very close to the
prediction of a point-like production [20] and then con-
tinues with a flat behaviour until 2 GeV. The recent mea-
surement of CMD3 [18] shows that the cross section rises
from zero to 0.8nb in just one MeV. This is an indica-
tion of a step behaviour, that cannot be described by the
previous models based on final-state interaction [21–26].
It is possible to fit the cross section results with the
strong correction of the Coulomb enhancement factor. It
can be described as following:
σ(e+e−→ pp¯)∼[
pi2α3F
W 2
]
/
[
1−e−piαs FB
]
·
1/
[
1+((W −Wthres)/ΛQCD)N
]
, (3)
where the last factor, depending on two free parameters:
the QCD scale ΛQCD and the power N , describes the
cross section as a function of the center of mass energy
W .
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Figure 3 shows the data and the fit. The results
are ΛQCD = (344± 3)MeV and N = (5.3± 0.2) respec-
tively, to be compared with the theoretical expectation
of ΛQCD ∼ 300MeV and N∼ 8.
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Fig. 3. Fit to the BESIII and CMD3 most recent
data with the strong corrected CEF. The red line
shows the cross section values, while the black
dots with error bars are the experimental mea-
sured values.
3 The fit to e+e−→Λ+c Λ¯−c and the ψ(4660)
parameters
It is possible to use the same formalism to fit the
e+e−→Λ+c Λ¯−c cross section. First, we use the formula of
Eq. (3) to study the non-resonant part of the cross sec-
tion, that shows a sharp step just above threshold and
then a flat behaviour. Then, we will add the resonant
component to show that both BELLE and BESIII data
can be fitted together.
3.1 Non-resonant behaviour
A normalization factor is added to Eq. (3) to repre-
sent the value of the cross section at threshold. This
factor, together with the ΛQCD and the N value, al-
ready described above, is a free parameter to be fit-
ted. Values of the other parameters are set as follows:
Wthreshold = 2 ·MΛc = 4.573GeV, and αs = 0.25.
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Fig. 4. Fit to the available BESIII and BELLE
data close to Λ+c Λ¯
−
c threshold assuming the cross
section has only the non-resonat behaviour. The
red dots with error bars are the BESIII experi-
mental data, the blue square are the BELLE data,
and the red line is the fit results with the formula
on Eq. 3 modified as described in the text.
The result of the fit to all the point is shown in Fig. 4.
The value of the normalization factor at threshold is
(241±10)pb, with N = (7±5), ΛQCD = (168±20)MeV.
These values will be kept fixed in the following fitting
of the resonant lineshape. In Tab. 1 a list of the pre-
dicted cross sections in the energy regime between 4.58
and 4.76 GeV are shown to make the comparison with
the resonant hypothesys.
3.2 Resonant behaviour
Finally, we add to the previous formalism the reso-
nant part of the cross section, that will be used to ex-
tract the ψ(4660) parameters. The fit function now is
the sum of the strong-corrected CEF plus a relativistic
Breit-Wigner f(W ), described in the following equation
in natural unit (~= c= 1):
f(W ) =
k
(W 2−M2)2 +M2Γ2 . (4)
In Eq. 4, W is the center of mass energy, M and Γ are
the mass and the width of the resonant state respectively,
k =
2
√
2Mγ
pi
√
M2 +γ
and γ =
√
M2 (M2 +Γ2). A global nor-
malization parameter is multiplied and fitted together
with the mass M and width Γ. The total fitting fuction
has 3 free parameters, since the ones that come from the
non-resonant part are already determined.
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Fig. 5. Fit to BESIII and BELLE data close
to Λ+c Λ¯
−
c threshold with both resonant and non-
resonant contribution. The red dots with er-
ror bars are the BESIII experimental data, the
blue square are the BELLE one. The red line
is the sum of the two contribution. The dashed
blue line represents the non-resonant part of the
fit, while the dotted magenta line represents the
Breit-Wigner component. Both curves have arbi-
trary normalization.
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Figure 5 shows the plot of the fit to BESIII and
BELLE data. The fit results are the following: MY =
(4645 ± 5)MeV/c2, ΓY = (90 ± 21)MeV. These val-
ues can be compared with the PDG values: Mψ(4660) =
(4643± 9)MeV/c2, Γψ(4660) = (72± 11)MeV. The two
values are within 1σ agreement. Table 1 shows the cross
section extracted from the fit in case of resonant and
non-resonant behaviour, already mentioned in the previ-
ous paragraph.
Table 1. Summary table of the predicted cross
sections in the case of only non-resonant cross sec-
tion (σNR) and resonant one (σR).
Mass/GeV/c2 σNR/nb σR/nb
4.58 0.240 0.191
4.61 0.237 0.311
4.64 0.233 0.459
4.67 0.224 0.369
4.7 0.197 0.212
4.73 0.136 0.122
4.76 0.071 0.070
4 Summary
The σ(e+e−→Λ+c Λ¯−c ) cross section seems to have two
different trends in BESIII and BELLE results. In this
article, we have proposed a model to fit both dataset
thanks to a strong-corrected version of the Coulomb
enhancement factor. This correction is tested first in
the σ(e+e− → pp¯) cross section, which is well mea-
sured by several experiment, and then applied to BE-
SIII and BELLE Λ+c Λ¯
−
c data. By adding a resonant
behaviour, it is possible to extract the parameters of
the Y (4660) state. The agreement with the PDG [5]
is within 1σ. This state can be the first realization of
the Rossi-Veneziano scheme for the long-searched bary-
onium, as proposed in Ref. [11]. In the future, BESIII
[27] and BELLE2 will collect more data to deepen the
understanding in the studied energy region.
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